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Abstract
Objective—To examine the relation between cardiac autonomic tone, assessed by baroreflex
sensitivity and heart rate variability, and left ventricular function, arrhythmias on Holter monitor-
ing, and clinical variables in patients with idiopathic dilated cardiomyopathy.
Design—A prospective observational study.
Patients—160 patients with idiopathic dilated cardiomyopathy and preserved sinus rhythm in
the absence of antiarrhythmic drug treatment. Measures of heart rate variability obtained by dig-
ital 24 hour Holter recordings included the mean of all coupling intervals between normal beats
(RRm), the standard deviation of the mean of normal RR intervals (SDNN), and the square root
of the mean of the squared diVerences between adjacent normal RR intervals (rMSSD). Barore-
flex sensitivity testing was performed using the phenylephrine method.
Results—Mean SDNN (SEM) was 112 (46) ms, and baroreflex sensitivity was 7.5 (5.0)
ms/mm Hg. SDNN showed a weak correlation with baroreflex sensitivity (r = 0.19, p < 0.05)
and with left ventricular ejection fraction (r = 0.29, p < 0.05). SDNN showed no significant cor-
relation with age (r = −0.07), the presence of non-sustained ventricular tachycardia (r = −0.13),
or left ventricular end diastolic diameter (r = −0.07). In addition, baroreflex sensitivity showed no
significant correlation with age (r = −0.13), non-sustained ventricular tachycardia (r = −0.08),
left ventricular end diastolic diameter (r = 0.09), or ejection fraction (r = 0.14).
Conclusions—The weak correlation between baroreflex sensitivity and heart rate variability
suggests that these two indices explore diVerent aspects of cardiac autonomic control in patients
with idiopathic dilated cardiomyopathy. The weak or absent correlation between baroreflex sen-
sitivity, heart rate variability, and other potential non-invasive risk predictors, including left ven-
tricular ejection fraction, left ventricular end diastolic diameter, and non-sustained ventricular
tachycardia on Holter monitoring, indicate that these variables may have independent prognostic
value in idiopathic dilated cardiomyopathy.
(Heart 2000;83:531–536)
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The prognosis of patients with idiopathic dilated
cardiomyopathy is poor, with annual death rates
reported between 5% and 45%.1–4 Although lit-
tle is known about the anatomical arrhyth-
mogenic substrate in this disorder or about the
cause of death, there is a large body of clinical
evidence suggesting that approximately half of
these patients die suddenly from ventricular
tachyarrhythmias.5 6 Identification of patients
who are at high risk of experiencing future
cardiac events remains a major clinical problem.
Imbalances in autonomic nervous system func-
tion have been shown to play a critical role in the
genesis and maintenance of malignant
tachyarrhythmias.7–10 Both experimental and
clinical studies have shown that increased
sympathetic activity predisposes to malignant
tachyarrhythmias in coronary disease, while
parasympathetic activity increases the fibrilla-
tion threshold and exerts a protective eVect.11–13

Over the last decade, two diVerent non-invasive
tests have become readily available for the quan-
titative assessment of the autonomic control of
heart rate. The first is the determination of heart
rate variability, which predominantly reflects
tonic vagal activity14 15; the second is the
examination of baroreflex sensitivity as a meas-
ure of reflex autonomic response.16 17

Recently, it has been reported that decreased
baroreflex sensitivity and reduced heart rate
variability are associated with an adverse prog-

nosis in patients after myocardial infarction.18–21

In contrast to a large body of knowledge about
vagal influences in ischaemic heart disease,
only limited data are available on cardiac auto-
nomic tone in patients with idiopathic dilated
cardiomyopathy. To date, the only established
risk predictor for overall mortality and sudden
death in this disease remains the severity of left
ventricular dysfunction.6 22 Because of this, the
Marburg cardiomyopathy study (MACAS) was
initiated in 1996 as a prospective observational
study to determine the prognostic value of cur-
rently available non-invasive arrhythmia risk
predictors in a large patient population with
idiopathic dilated cardiomyopathy over a five
year follow up.23 Our purpose in the present
study was to determine the relation between
autonomic dysfunction, as indexed by changes
of heart rate variability and baroreflex sensitiv-
ity, and conventional arrhythmia risk predic-
tors, including left ventricular dysfunction and
arrhythmias on Holter monitoring, in the first
160 patients enrolled in MACAS.

Methods
PATIENTS

The study population consisted of 160 patients
with idiopathic dilated cardiomyopathy en-
rolled in MACAS between 1996 and 1999.
The protocol of MACAS has been described in
detail elsewhere.23 Briefly, all patients met the
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following inclusion criteria: age between 16
and 70 years, sinus rhythm in the absence of
antiarrhythmic drugs including â blockers, left
ventricular enlargement, left ventricular ejec-
tion fraction < 45% by both angiography and
echocardiography, no history of myocardial
infarction and no stenosis > 50% of any coron-
ary artery by coronary angiography, and
absence of valvar disease, systemic hyper-
tension, or other conditions known to cause
cardiomyopathy.24 In addition to complete
diagnostic left and right heart catheterisation,
endomyocardial biopsy was performed in 144
of the 160 study patients (90%). This showed
no evidence of acute myocarditis, specific heart
muscle disease, or myocardial storage disease
in any study patient. All patients were in a
clinically stable condition with mild to moder-
ate limitation of their daily activities, catego-
rised as grade I to III of the New York Heart
Association (NYHA) classification at study
entry. Patients with a history of sustained ven-
tricular tachyarrhythmias, congestive heart
failure NYHA functional class IV, cancer, renal
failure, severe liver disease, diabetes mellitus,
clinical evidence of autonomic neuropathy,
thyroid gland disease, or history of alcohol
abuse were excluded from study participation.
Furthermore, patients with atrial tachycardia,
sinus node disease, second or third degree
atrioventricular block, and pacemaker depend-
ent patients were also excluded from the study.

HOLTER MONITORING

Ambulatory Holter ECG recordings were per-
formed in all 160 study patients while they
were oV antiarrhythmic drug treatment, using
an Oxford two channel or three channel digital
recorder (Oxford Instruments, Abingdon, UK;
range 20–24 hours) with manual overread by
an experienced nurse. The number of ventricu-
lar premature beats during each hour was
assessed, and the mean value calculated by
using the Oxford Medilog Excel 2 system (ver-
sion 7.5, Oxford Instruments). Holter record-
ings were further categorised according to the
presence of more than 10 ventricular prema-
ture beats/hour and according to the presence
or absence of non-sustained ventricular tachy-
cardia. Non-sustained ventricular tachycardia
was defined as > 3 consecutive ventricular
premature beats with a rate > 120 beats/min
lasting < 30 seconds detected on the same
Holter recordings that were used to determine
heart rate variability measurements.

ANALYSIS OF HEART RATE VARIABILITY

Heart rate variability was computed from the
same digital recordings that were used to
evaluate the presence or absence of rhythm
disorders. At least 20 hours of artefact-free
recording time was required for patients to be
eligible for the present study. Otherwise, the
Holter ECG was discarded, and a new Holter
was started. Data were analysed by the Oxford®

Medilog Excel 2 system. Only RR cycles in
which beats had a normal morphology and
where cycle lengths were within 25% of the
duration of the preceding cycle length were
included for heart rate variability analysis, in

order to ensure abolition of ectopic beats and
artefacts. When sinus rhythm was interrupted
by a premature atrial or ventricular beat, one
RR interval preceding and one following the
non-sinus beat were rejected, and the ectopic
beat was substituted by computing the average
of neighbouring normal RR intervals. After this
labelling process was finished, the data file was
manually overread and corrected where appro-
priate. For each Holter recording, the mean of
all coupling intervals between normal beats
(RRm) was calculated, and the following
standard time domain parameters were deter-
mined: (1) the standard deviation of all normal
RR intervals (SDNN); and (2) the square root
of the mean of the squared diVerences between
adjacent normal RR intervals (rMSSD) over
the whole recording period.

MEASUREMENT OF BAROREFLEX SENSITIVITY

After informed consent was obtained, baroreflex
sensitivity was performed in 160 study patients
by intravenous administration of phenylephrine,
according to a method described by Smyth and
coworkers.16 All patients were studied in a
fasting state and supine, between 9 am and 12
noon. A slow intravenous saline infusion was
started. Arterial pressure curves and beat to beat
intervals were continuously monitored non-
invasively, using the infrared digital plethysmo-
graphic technique (Finapres 2300 system, Ohm-
eda, Hatfield, UK). Initially, a test bolus of the á1

agonist phenylephrine (2 µg/kg) was rapidly
injected to evaluate the magnitude of the result-
ing blood pressure increase. If systolic blood
pressure did not increase as desired (> 15
mm Hg), additional injections were made at
intervals of 10 minutes increasing the phenyl-
ephrine dose up to a maximum of 10 µg/kg.
Phenylephrine injections were repeated until at
least two recordings were obtained using the
optimal bolus dose. All blood pressure data and
corresponding RR interval data were transferred
online from the Finapres 2300 system to an
IBM personal computer using a custom written
software program. Data from these files were
directly imported into a commercially available
computer program (MS Excel version 5.0 for
Windows 3.11) for further analysis. Using this
software, a linear regression analysis of RR
cycles and systolic blood pressure values was
performed, including all values between the
beginning and end of the blood pressure
increase. Baroreflex sensitivity was then calcu-
lated as the slope of the linear regression line
relating changes in RR intervals to systolic blood
pressure changes (ms/mm Hg). As in the
ATRAMI study (automatic tone and reflexes
after myocardial infarction),21 only regression
lines with significant correlation coeYcients
(p < 0.05) were accepted for baroreflex sensitiv-
ity analysis.

STATISTICAL ANALYSIS

Values are presented as mean (SD). Regression
lines for baroreflex sensitivity were calculated
with the least squares fit method. Pearson’s
product–moment correlation coeYcient (r) was
employed to test the strength of linear associ-
ation between variables. Correlation coeYcients
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were tested for significance using the t test. A
value of p < 0.05 was considered significant.

In addition, multivariate linear regression
analysis was performed using the “REG proce-
dure” of the statistical software package SAS
version 6.12. The best multivariate model for
baroreflex sensitivity and SDNN was selected
using Akaike’s information criterion.25

Results
The clinical characteristics of the 160 study
patients with idiopathic dilated cardiomyopathy
are summarised in table 1. There were 120
men, mean age was 48 (12) years, and mean left
ventricular ejection fraction was 31 (10)%. All
patients were in clinically stable condition at the
time of study entry on standard heart failure
treatment comprising digitalis, diuretics, and an
angiotensin converting enzyme inhibitor in the
vast majority of study patients (table 1).

RELATION BETWEEN HEART RATE VARIABILITY,
BAROREFLEX SENSITIVITY, CLINICAL

CHARACTERISTICS, ARRHYTHMIAS, AND LEFT

VENTRICULAR DYSFUNCTION

Whereas heart rate variability analysis could be
performed in all 160 patients with idiopathic
dilated cardiomyopathy, an acceptable barore-
flex sensitivity test result, as defined above,
could only be obtained in 137 of the patients
(86%). Baroreflex sensitivity testing did not
show a significant correlation between RR
interval changes and systolic blood pressure

increase in 21 patients owing to frequent
premature beats. In the remaining two patients,
no adequate increase in blood pressure of at
least 15 mm Hg could be achieved with the
maximum dose level of phenylephrine applied
in the present study (10 µg/kg body weight).

Mean SDNN (SEM) was 112 (46) ms, and
baroreflex sensitivity was 7.5 (5.0) ms/mm Hg.
The relation between measures of heart rate
variability and baroreflex sensitivity is summa-
rised in table 2. SDNN as an index of overall
variability showed only a weak correlation
with baroreflex sensitivity (r = 0.19, p < 0.05)
(fig 1). In addition, there was only a weak cor-
relation between SDNN and the left ventricu-
lar ejection fraction (r = 0.29, p < 0.05) (fig 2).
rMSSD, reflecting predominantly parasympa-
thetic activity, was not correlated with left ven-
tricular dysfunction (r = 0.08). SDNN showed
no significant correlation with age (r = −0.07),
the presence of non-sustained ventricular
tachycardia on Holter (r = −0.13), or left ven-
tricular end diastolic diameter (r = −0.07).

Baroreflex sensitivity showed no significant
correlation with age (r = −0.13), the presence
of spontaneous non-sustained ventricular

Table 1 Characteristics of 160 study patients with
idiopathic dilated cardiomyopathy

Clinical characteristics n (%)*

Women 40 (25)
Men 120 (75)
Mean (SD) age (years) 48 (12)

Range 17 to 69
NYHA classification

Class I 26 (16)
Class II 88 (55)
Class III 46 (29)

Echocardiographic study
Mean (SD) LVEF (%) 31 (10)
Range 15 to 45
Mean (SD) LVEDD (mm) 68 (8)
Range 57 to 90

Drug treatment for heart failure
Digoxin 123 (77)
Diuretics 119 (74)
ACE inhibitors 131 (82)

*Unless otherwise stated.
ACE, angiotensin converting enzyme; LVEDD, left ventricular
end diastolic diameter; LVEF, left ventricular ejection fraction.

Table 2 Correlations between heart rate variability, baroreflex sensitivity, and clinical and
echocardiographic variables

Age NYHA LVEF LVEDD NSVT+ RRm SDNN rMSSD

Age
NYHA 0.08
LVEF −0.05 −0.45
LVEDD 0.03 0.21 −0.51**
NSVT+ 0.12 0.21** −0.23* 0.23**
RRm 0.06 −0.16 0.23* −0.03 −0.04
SDNN −0.07 −0.19* 0.29** −0.07 −0.13 0.69**
RMSSD 0.08 −0.09 0.08 0.08 0.05 0.52** 0.58**
BRS −0.13 −0.22* 0.14 0.09 −0.08 0.09 0.19* −0.01

*p < 0.05; **p < 0.01.
BRS, baroreflex sensitivity; LVEDD, left ventricular end diastolic diameter; LVEF, left ventricular
ejection fraction; NSVT+, presence of non-sustained ventricular tachycardia; RRm, the mean of
all coupling intervals between normal beats; rMSSD, the square root of the mean of the squared
diVerences between adjacent normal RR intervals; SDNN, the standard deviation of all normal
RR intervals.

Figure 1 Plot of the mean and SD of baroreflex sensitivity
for SDNN bins. The correlation coeYcient between these
variables was only 0.19 (p < 0.05).
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Figure 2 Plot of the mean and SD of SDNN for left
ventricular ejection fraction bins showing only a moderate
correlation between these variables (r = 0.29, p < 0.05).
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tachycardia (r = −0.08), left ventricular end
diastolic diameter (r = 0.09), or left ventricular
ejection fraction (r = 0.14) (fig 3). Figure 4
shows that there was no significant association
between heart rate variability, baroreflex sensi-
tivity and the presence of non-sustained
ventricular tachycardia on Holter monitoring.

MULTIVARIATE MODEL FOR SDNN AND

BAROREFLEX SENSITIVITY

Multivariate linear regression analysis revealed
the following model for baroreflex sensitivity:
Baroreflex sensitivity = 1.27 − 1.81 × NYHA +
0.116 × LVEDD + 0.0268 × SDNN − 0.0245
× rM SSD,

where LVEDD is left ventricular end diasto-
lic dimension.

The measure of determination R2 for this
model was only 11%—that is, only 11% of the
baroreflex sensitivity variance can be explained
by the best multivariate linear regression
model. For the heart rate variability variable
SDNN, multivariate regression analysis re-
sulted in the following model:
SDNN = −24.86 + 0.367 × rMSSD − 0.302 ×
age − 12.35 × NSVT + 0.174 × RRm + 0.982
× BRS,

where BRS is baroreflex sensitivity and
NSVT is non-sustained ventricular tachycardia.

The measure of determination R2 for this
model was 54%—that is, 54% of the heart rate
variability variable SDNN can be explained by
the best multivariate linear regression model.

Discussion
In this study we investigated the relation between
heart rate variability, baroreflex sensitivity, clini-
cal characteristics, arrhythmias on Holter, left
ventricular size, and left ventricular ejection frac-
tion in the first 160 consecutive patients enrolled
in the Marburg cardiomyopathy study
(MACAS).23 We found only a weak correlation
between baroreflex sensitivity and heart rate
variability in this homogeneous group of patients
with idiopathic dilated cardiomyopathy, suggest-
ing that these two variables explore diVerent
aspects of the autonomic control of the heart. In
addition, the weak or absent correlation between
baroreflex sensitivity, heart rate variability, and
other non-invasive potential risk predictors—
including left ventricular ejection fraction, left
ventricular end diastolic diameter, and arrhyth-
mias on Holter monitoring—indicates that these
variables may have independent prognostic
value in this disease. The prognostic significance
of these findings will be determined by multi-
variate Cox analysis after a five year follow up of
at least 200 patients in MACAS.

ASSESSMENT OF CARDIAC AUTONOMIC TONE

USING HEART RATE VARIABILITY AND BAROREFLEX

SENSITIVITY TESTING

Numerous clinical and experimental studies
have shown a link between autonomic imbalance
and cardiovascular mortality, including sudden
death.7–21 With growing awareness of the key role
of neural mechanisms in arrhythmogenesis,
attention has been focused on the evaluation of
the autonomic system by using non-invasive tests
of autonomic function such as heart rate
variability analysis and baroreflex sensitivity test-
ing. While heart rate variability predominantly
reflects tonic vagal activity, baroreflex sensitivity
is widely used to determine reflex vagal activity in
patients after myocardial infarction.19–21 26 Both
measures may help provide insight into complex
physiological and pathological processes and so

Figure 3 Plot of the mean and SD of baroreflex sensitivity
for left ventricular ejection fraction bins showing no
significant correlation between these variables (r = 0.14).
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Figure 4 (A) SDNN and (B) baroreflex sensitivity
according to the presence or absence of non-sustained
ventricular tachycardia (NSVT) on Holter monitoring.
There was no significant diVerence in heart rate variability
and baroreceptor sensitivity between patients with and
without NSVT.
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enhance risk stratification for arrhythmic events
and mortality in patients with coronary artery
disease and dilated cardiomyopathy.

COMPARISON WITH PREVIOUS STUDIES IN DILATED

CARDIOMYOPATHY

The present study diVers from previous reports
in several important aspects. In contrast to all
previously published studies on idiopathic
dilated cardiomyopathy, we investigated the
correlation between both baroreflex sensitivity
and heart rate variability and several para-
meters of left ventricular function, including
left ventricular ejection fraction and left
ventricular end diastolic diameter. Our finding
that heart rate variability, baroreflex sensitivity,
and left ventricular ejection fraction had only a
weak to moderate correlation with each other
suggests that they may be of independent
prognostic value in patients suVering from
idiopathic dilated cardiomyopathy. In contrast
to many previous studies, our study investi-
gated a relatively homogeneous group of
patients with this disease, all of whom had pre-
viously undergone left and right heart cath-
eterisation, including endomyocardial biopsy
in 90%. It should be noted that patients on
antiarrhythmic drug treatment that could not
be discontinued for at least five half lives, as
well as those on amiodarone and â blockers,
were excluded from participation in the study.
Both antiarrhythmic drugs and â blockers have
previously been shown to alter heart rate vari-
ability and baroreflex sensitivity.27

In a previous smaller study at our institution,
which involved 71 patients with idiopathic
dilated cardiomyopathy, heart rate variability
analysis was not found to be a valuable tool for
predicting major arrhythmic events, including
sudden death.28 In contrast to MACAS, how-
ever, the study population and the follow up
duration of our previous study were insuYcient
for us to exclude with confidence a minor to
moderate role of heart rate variability in
arrhythmia risk prediction. Also, baroreflex sen-
sitivity testing was not performed in that study.

Several other investigators have examined the
prognostic role of heart rate variability in
patients with dilated cardiomyopathy29–31 and in
mixed patient populations suVering from con-
gestive heart failure.32–35 As in the present study,
Fauchier and colleagues30 found a weak to
moderate correlation between heart rate vari-
ability (SDNN) and left ventricular function
assessed by shortening fraction (r = 0.5) in 93
patients with dilated cardiomyopathy. By multi-
variate analysis, these investigators identified
SDNN as an independent predictor of cardiac
death or heart transplant, in addition to left
ventricular end diastolic diameter and increased
pulmonary capillary wedge pressure. Yi and
colleagues also showed that reduced heart rate
variability had independent predictive value for
death from progressive heart failure in a cohort
of 64 patients with dilated cardiomyopathy.31 In
a large prospective multicentre study, Nolan
and colleagues investigated the prognostic value
of heart rate variability in 433 outpatients with
chronic heart failure.35 In that study, SDNN
was associated with death from progressive

heart failure but not with sudden cardiac death.
Mortara and colleagues focused on the prog-
nostic value of baroreflex sensitivity testing in
282 patients with chronic heart failure.36 They
found a significantly higher mortality among
patients with greatly reduced baroreflex sensi-
tivity (< 1.3 ms/mm Hg) compared with those
with more preserved reflex activity. However,
half of the patients in that study were suVering
from ischaemic heart disease.

CLINICAL IMPLICATIONS

Based on the findings of the present study as
well as previous studies with smaller patient
populations, both heart rate variability and
baroreflex sensitivity may represent important
prognostic markers in patients with idiopathic
dilated cardiomyopathy, in addition to conven-
tional variables such as left ventricular size, left
ventricular ejection fraction, and arrhythmias on
Holter monitoring. Until appropriately designed
studies like MACAS are finished, not enough
data will be available to justify any therapeutic
action based on heart rate variability or barore-
flex sensitivity tests—for example, prophylactic
defibrillator implantation as an adjunct to
optimised standard heart failure treatment in
patients with idiopathic dilated cardiomyopathy.

This study was in part supported by a grant from the German
Science Foundation, Bonn, Germany.
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Angiographic documented coronary arterial spasm in
absence of critical coronary artery stenoses in a patient
with variant angina episodes during exercise and
dobutamine stress echocardiography
M RoY, B Meier, Y Allemann

Dobutamine stress echocardiography is widely performed as a
useful diagnostic tool in patients with known or suspected
coronary artery disease. Dobutamine induced myocardial
ischaemia is frequently associated with ST segment depres-
sion. ST segment elevation is uncommon and is almost always
associated with prior myocardial infarction or transient total
coronary occlusion. Dobutamine induced ST segment
elevation in absence of significant coronary artery disease is a
rare condition and is supposed to be a consequence of severe
coronary artery spasm. The case of a 58 year old man with
variant angina episodes at rest, during exercise test, and dob-
utamine stress echocardiography is reported, in whom coron-
ary spasm without significant coronary artery stenoses was
documented angiographically.
(Heart 2000;83:e4) www.heartjnl.com/cgi/content/full/83/4/e4

Acute severe thrombocytopenia after treatment with
ReoPro (abciximab)
R Butler, P J B Hubner

ReoPro (abciximab) is an extremely potent inhibitor of the
glycoprotein IIb/IIIa receptor, the final common pathway of
platelet activation and aggregation. Its main role is the mainte-
nance of coronary patency after suboptimal results with coron-
ary intervention. However, one of the complications of this
treatment is excessive bleeding, a problem which may be com-
pounded by a rare idiosyncratic thrombocytopenic reaction. A
severe episode of thrombocytopenia in a 64 year old man is
described; he was treated with ReoPro for a right coronary

stenosis which had not been resolved by angioplasty. His plate-
let level dropped quickly and only improved after 20 units of
platelets were given.
(Heart 2000;83:e5) www.heartjnl.com/cgi/content/full/83/4/e5

Cystic tumour of the atrioventricular nodal region:
report of a case successfully treated with surgery
J R Paniaguaa, J R Sadabaa, L A Davidsonb, C M Munscha

A case is reported of a 59 year old woman who presented with
palpitations. Electrocardiographic studies revealed atrial fibril-
lation and atrioventricular block. Echocardiography and mag-
netic resonance imaging showed a right atrial cystic mass
attached to the interatrial septum. The patient underwent sur-
gical excision of the mass. Histopathological findings were of a
cystic tumour of the atrioventricular nodal region. This is the
second report of this condition diagnosed antemortem and
treated successfully with surgical excision.
(Heart 2000;83:e6) www.heartjnl.com/cgi/content/full/83/4/e6

Left ventricular opacification during selective intracoro-
nary injection of echocardiographic contrast in patients
with hypertrophic cardiomyopathy
P M Elliott, S J Brecker, W J McKenna

Percutaneous alcohol ablation of the interventricular septum via
the first septal perforator branch of the left anterior descending
artery can successfully treat dynamic left ventricular outflow
tract obstruction in patients with hypertrophic cardiomyopathy.
Increasingly, echocardiographic contrast agents are used before
alcohol injection to identify the perfusion bed of the septal per-
forator vessels. This study describes the unexpected opacifica-
tion of the left ventricular cavity in three of five consecutive
patients following selective injection of the first septal perforator
with Optison. This case study demonstrates that direct commu-
nication between the first septal perforator vessel and the left
ventricle is common, an observation that may have considerable
relevance to the technique of alcohol septal reduction.
(Heart 2000;83:e7) www.heartjnl.com/cgi/content/full/83/4/e7
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